We present a simple technique that allows to generate Feynman diagrams for vector models with interactions of order 2n and similar models (Gross-Neveu, Thirring model) using a bootstrap equation that uses only the free field value of the energy as an input. The method allows to find the diagrams to, in principle, arbitrarily high order and applies to both energy and correlation functions. It automatically generates the correct symmetry factor (as a function of the number of components of the field) and the correct sign for any diagram in the case of fermion loops. We briefly discuss the possibility of treating QED as a Thirring model with non-local interaction.
Introduction
In field theory the calculation of physical quantities is commonly given as a sum of Feynman diagrams. Each diagram is calculated with a certain weight, dependent on the number of symmetries of the diagram. A rule to find this symmetry factor is given in [2, 3] . Furthermore expressions were found for the total number of diagrams that contribute in any order to various quantities of interest [4, 5] . In order to find the number and type of diagrams that contribute to a physical quantity, numerous programs were developed [6, 7] . In this article we want to present a technique for generating Feynman diagrams that is a generalisation of a similar technique previously used in the study of the vector model with quartic interaction in 0+0 dimensions [1] . The results obtained in this paper are valid for any number of dimensions. We will find all diagrams that contribute to the energy and the correlation functions (to, in principle, arbitrarily high order) with the correct symmetry factor. This factor can be a function of the number of components of the field. The technique is essentially different from the ones that are usually applied tot generate diagrams, since it does not involve any combinatorics. It is a recursive method that requires only the free field value of the energy as an input. In [1 ] it was observed that a particular relation between the partial derivatives of the energy of the vectormodel could be used to obtain a perturbation series for the energy. In the simple case of the 0+0 dimensional vector model it also allowed to find explicit expressions for the coefficients of the large N expansion of the model. A general form for this coefficients could be found and proven to all orders. Unfortunately, a straightforward application of the method used in 0+0 dimensions to higher dimensions is not possible. However, if we slightly adapt the original model a similar technique can be used in higher dimensions. We will consider here the vector model with quartic self-interaction. Instead of considering a model with constant mass, we will allow the mass to depend on the coordinates (the mass is therefore an external field). The model is defined by the partition function:
where r is a N-component field. If we now consider the first and second functional derivative of E with respect to re(x) we find:
Ore (x) and:
Ore(x) 2 4 where < ... > denotes the expectation value of an operator.
Integrating the last equation with respect to x we find:
We rewrite this equation in the form that will be of interest to us:
This is the generalisation of the formula found in [1] . It is clear how this formula can be used to generate a perturbation series for the vectormodel. If we start with the zeroth order approximation of the energy (i.e.: the value of the energy when there is no interaction), formula (5) gives us the derivative of the energy (with respect to the coupling constant) to the same order. Upon integration, we therefore find the energy to first order. This again can be used in (5) to find the energy to second order. By continuing this way we generate a perturbation series solely from the knowledge of the free theory and the fact that the energy obeys (5). Of course, since the perturbation series is known to be given by a sum of Feynman-diagrams it is not unexpected to find that we will simply generate the diagrams to any desired order, with the exact symmetry factors.
Generating Feynman diagrams
In order to be able to carry out the procedure described in the previous section, we must know the value of the energy when there is no interaction. Without any difficulty this is found to be:
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(remember that m is a field, rather than a constant) If we denote by {Ix >} a complete set of eigenstates of the position operator, then (6) can be written as: For later convenience we have substracted a quantity that is independent of m. This will not change the result. We will also denote -0 -2 as G. The expression (7) is defined by its series expansion, and so is the functional derivative with respect to re(x). If we consider a general term in the series expansion, the derivative will work successively on each of the m's that occur in the term. We find that the derivative of such a general term is given by:
And when we integrate with respect to y:
0/
Ore(x) dy < y l(rnG)'~ly >= n < x la(mG) ~-~lx > (9) We therefore find:
We will also need higher derivatives of the energy. Let us therefore consider the following derivative!
Om(x~ < yla > n=O Again using (8), we find that this is equal to: n=0 j:0
By rearranging the double sum we can write this in the form:
This formula has a simple interpretation. Since < y lG ~ I z "
is nothing but the propagator of the field between points y and z, taking the derivative with respect to re(x) is seen to double this propagator by inserting an extra point x between the two endpoints (apart from a change of sign). We can denote this graphicly as:
We will now illustrate the techique by generating the first orders in the series expansion of the energy. Starting from the lowest order approximation (i,e. the value of the energy without interaction), we find from the formulas given above:
Using (14) and (15) in (5) and integrating with respect to g (taking into account the correct integration constant), we find: E = ~NTr log(1 + raG) 2 1 Ix >2 +(;(92) (16) + N(N + 2) 9 dx < XIGl~mG
As tong as m is a function of x the integral can not be carried out. Unfortunately, we can not put m equal to a constant at this point of the calculation, because we need the full expression to find the higher order terms. It is clear however that the first order expression we have found corresponds to the diagram:
E= ~ ~ +N(N + 2) g @ +O(g ~) as can be seen by drawing the propagators that occur in the term or by considering the limit of constant m, in which case the term reduces to (f @ ~2 p2~ j , which is indeed the value of the depicted diagram. This procedure can be continued straightforwardly to obtain higher order diagrams. Let us illustrate this for the second order term. In order not to make the formulas too lengthy we will denote the propagator by: 1 ~(x,y) =< xlG~ly >
